Human bocavirus 1 (HBoV1) is an emerging human pathogenic respiratory virus. We 48 characterized two important features of HBoV1 infection in polarized primary human airway 49 epithelia (HAE). Apical HBoV1 infection of HAE at low multiplicity of infection causes a hallmark 50 airway epithelial damage, including disruption of the tight junction barrier, loss of cilia and 51 epithelial cell hypertrophy. HBoV1 also productively infects HAE from the basolateral surface 52 but less efficiently, and leads to the airway epithelial damage.
from 100, 10, 1, 0.1, 0.01 and 0.001 vgc/cell, respectively) ( Fig. 2A) . To some degree, the 125 declining curve in TEER correlated with the increased tendency of the virus release (Fig. 1) . 126
Nevertheless, the final TEER of all the inoculated HAE cultures by the end of the infection 127 declined to a value less than 400 Ω•cm 2 , an ~2-3-fold decrease compared to that of the mock-128 infected HAE ( Fig. 2A) . Destruction of the airway epithelium was also histologically observed 129 (Fig. 2B&C) . Compared with the mock-infected HAE, the degree of airway epithelial damage at 130 the end of infection, shown as the thickness of the epithelium and the presence of cilia, 131 correlated with MOI of input viruses (Fig. 2B&C) . Notably, HAE inoculated with an MOI of 100 132 vgc/cell showed a progressive histological change. At 12 days p.i., the flattening of the HAE 133 inoculated with an MOI of 100 vgc/cell resembled what was observed for HAE inoculated with 134
MOIs of 0.1 to 0.001 vgc/cell at 26-28 days p.i. (Fig. 2B&C) . Furthermore, epithelial damage 135 caused by HBoV1 infection was substantiated by the following assays: 1) the co-detection of 136 HBoV1 NS1 with a significantly decreased β-tubulin IV (a marker of cilia (18,27)), which was 137 absent in infected HAE at MOIs 100-0.1 vgc/cell and was extremely low at MOIs of 0.01 and 138 0.001 vgc/cell (Fig. 3A) ; 2) a disassociation of the tight junction protein Zona occludens-1 (ZO-1) 139 (11) (Fig. 3B) ; and 3) nucleus enlargement at late infection (Fig. 3, DAPI) . Early following 140 infection, NS1 expressing cells predominantly contained little or no β-tubulin IV and had 141 dissociated ZO-1 staining (Fig. 3 , MOI=100 vgc/cell, 5 days p.i.), suggesting that virus either 142 initially infects non-ciliated cells or that cilia are shed early in the course of viral replication. 143
Collectively, we demonstrate that the secreted progeny HBoV1 virions washed from the 144 ALI apical surface are highly infectious in polarized primary HAE and cause severe damage of 145 the infected pseudostratified airway epithelia, even at an MOI as low as 0.001 vgc/cell. 146
147
HBoV1 is capable of infecting polarized primary HAE from the basolateral surface. 148
We noticed that HBoV1 apical infection of primary HAE was persistent and that progeny 149 virions were secreted from both the apical and basolateral surfaces ( Fig. 1) For basolateral infection, HBoV1 virions were diluted in 1 ml of the ALI media in the 154 basolateral chamber of HAE cultures. The cultures were incubated at 37°C and 5% CO 2 for 2h. 155
Then the basolateral inoculums were removed and washed twice with 1 ml PBS. After addition 156 of fresh media, the cultures were returned to the incubator. Production of progeny virions 157 following basolateral inoculation was monitored daily by collecting samples from both the apical 158 and basolateral chambers. As shown in Fig. 4A , following basolateral inoculation, the apical viral 159 secretion increased slowly, but to a peak of ~5 × 10 7 vgc/µl at 16 days p.i. Virion release was 160 maintained at a level of over 10 6 vgc/µl throughout the course of infection. Progeny virions were 161 also released from the basolateral surface following the basolateral inoculation, but at a level of 162 ~1 log less than that from the apical surface over the course of infection, which is similar to what 163 was observed following apical infection (Fig. 1C ). This result suggests that HBoV1 infection of 164 HAE from the basolateral surface is also persistently productive, similar to what was observed 165 following apical infection. 166
We also monitored TEER during basolateral infection. While the TEER of the mock-167 infected HAE cultures was consistently at a level of around 1000 Ω•cm 2 during the experiment 168 period, we found that the TEER of basolaterally-inoculated HAE dropped gradually and to a 169 value of ~400 Ω•cm 2 at 15 days p.i., seen slightly earlier (13 days p.i.) in apically-inoculated 170 HAE ( Fig. 2A, MOI=1 ). This result is consistent with the viral release kinetics (Fig. 4A) , 171
indicating that HBoV1 infection disrupts the epithelial barrier. Basolaterally-inoculated HAE 172
showed a clear dissociation of the tight junction, compared with that in the mock-infected HAE 173 (Fig. 4D) . 174
By the end of infection, at 22 days p.i., we performed a histology analysis of 175 basolaterally-inoculated HAE. In contrast to the mock control, infected HAE showed an absence 176 of cilia and an obviously thinner epithelium (Fig. 4C ). This observation was further confirmed by 177 the absence of β-tubulin IV expression (Fig. 4D) . The infected HAE also showed nuclear 178 enlargement at late-stage infection (Fig. 4D, DAPI) . 179
Taken together, these results demonstrate that the HBoV1 is capable of infecting 180 polarized primary HAE from the basolateral surface. They also show that the basolateral 181 infection is persistently productive, causes loss of the cilia, and ultimately disrupts the tight 182
Overall, this study demonstrates that HBoV1 productively infects polarized primary HAE 187 at a low MOI both at the apical and basolateral surfaces. An HBoV1 stock was prepared by collecting apical washes of HBoV1-infected HAE in 317 our previous study (13). Polarized primary HAE were inoculated with HBoV1 in 150 µl of the ALI 318 media in the apical chamber of the ALI culture. MOIs from 100 to 0.001 vgc/cell, as indicated, 319 were used. An average of 1.5 × 10 6 cells in a 0.6 cm 2 Millicell TM insert was used to calculate the 320 MOIs. At various points in time p.i., an aliquot of 200 µl PBS was added to the apical chamber of 321 the HAE culture, incubated for 15 min at 37°C, and was harvested as apical washes. Meanwhile, 322
an aliquot of 100 µl of media from the basolateral chamber of the HAE culture was also 323 collected and replaced with 100 µl of fresh ALI media. The apical washes and collected 324 basolateral media were quantified for virus production using a HBoV1-specifc quantitative PCR 325 as vgc/µl as described previously (13) 
